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http://dx.doi.org/10.1016/j.hkpj.2013.11.00Abstract This retrospective study compared the functional outcomes among stroke patients
who had received rehabilitation based on different physiotherapy treatment approaches. The
participants were divided into three groups according to the physiotherapist in charge of their
treatment. The primary treatment approaches applied in Group A, Group B, and Group C were
the functional approach, the Bobath approach, and the motor learning approach, respectively.
For each participant, the Berg’s Balance Scale score, the Modified Barthel Index, and the Modi-
fied Rivermead Mobility Index were compared among these three groups prior to and after the
stroke rehabilitation programme. Within-group analysis showed that Group A, Group B, and
Group C participants had a statistically significant improvement in their Modified Barthel Index
(p < 0.017). Group A and Group C participants had statistically significant improvements in
their Modified Rivermead Mobility Index (p < 0.017). Only Group C participants had a statisti-
cally significant improvement in their Berg’s Balance Scale score (p < 0.017). However,
between-group analysis showed no statistically significant difference between the outcomes
(p > 0.05). In summary, this study showed that different combinations of treatment ap-
proaches may induce similar improvement in functional outcomes after stroke rehabilitation.
Copyright ª 2014, Hong Kong Physiotherapy Association Ltd. Published by Elsevier (Singapore)
Pte Ltd. All rights reserved.Hospital, 9 Chuen On Road,
OC.
.com.
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1Introduction
Motor impairment after a stroke is one of the most adverse
consequences of the disease. Different physiotherapy ap-
proaches have been developed to facilitate motor recovery
and functional improvement in patients after a stroke. The
approaches most commonly used by physiotherapists
include the Bobath concept, proprioceptive neuromuscular
facilitation (PNF), the motor learning approach, thesociation Ltd. Published by Elsevier (Singapore) Pte Ltd. All rights reserved.
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The theoretical background and treatment strategies of the
various approaches are very different. The Bobath concept,
also called neurodevelopmental treatment [4], is a
problem-solving approach to assess and provide treatment
to patients with disturbances of function, movement, and
postural control due to a lesion of the central nervous
system [5]. This approach emphasizes facilitating inputs to
the affected side and encouraging normal movement pat-
terns [6]. Although the Bobath concept has continued to
evolve [5] and is defined as a clinical reasoning process [7],
most therapists still apply it as a technique to aid patients
to regain movement and balance control, as well as
mobility, using sensorimotor key points of control and
reflex-inhibiting pattern control of the affected limbs and
trunk [6,8].
In contrast, PNF involves the use of proprioceptive
stimulation to strengthen (facilitate) and relax (inhibit)
particular muscle groups [9] and advocates the use of pe-
ripheral inputs, such as stretch and resisted movements, to
reinforce the existing motor response [10]. Total patterns
of movement are used in treatment and are followed in a
developmental sequence.
The emphasis of the motor relearning approach is task-
specific training. Appropriate feedback is given to patients
during the practice of context-specific motor tasks, which is
thought to promote learning and motor recovery [2]. It is a
process of improving the smoothness and accuracy of
movement [11,12].
The principle of the functional approach is to use the
remaining motor capabilities of a patient to compensate for
those that were lost [13]. The treatment strategies of this
approach include the use of task-specific training and dril-
ling on the task or part of the task [2], such as bed to chair
transfer, walking, and stair climbing.
Finally, the orthopaedic approach uses corrective exer-
cises based on orthopaedic principles, such as the
contraction and relaxation of muscles. The treatment
strategies used include lower limb mobilization exercises,
upper limb mobilization exercises, bracing, and progressive
strengthening exercises. The emphasis of this approach is
placed on regaining function by compensating for the un-
affected limbs [2] and stretching soft tissues [14].
Although different physiotherapy approaches may have
an impact on the result of the early rehabilitation of stroke
patients [15], few research studies have examined which
physiotherapy approach is more effective in promoting the
functional recovery of these patients [14]. A recent
Cochrane review showed that physiotherapy intervention
using a combination of different approaches, including the
neurophysiological approach, the motor relearning
approach, and the orthopaedic approach, was more effec-
tive in the recovery of functional independence following
stroke than in a control group [14]. However, there was
insufficient evidence to show that the Bobath approach was
more effective than the other treatment approaches
[9,14,15].
The objective of this retrospective study was to
compare the functional outcomes among stroke patients
treated in hospital as inpatients who had received
three different combinations of physiotherapy treatment
approaches.Methods
Study design
This was a retrospective comparative study. Ethics
approval was granted by the Joint Chinese University of
Hong KongeNew Territories East Cluster Clinical Research
Ethics Committee. Medical records, physiotherapy treat-
ment records, and data from the clinical management
system of the Hong Kong Hospital Authority were retrieved
and analysed for female inpatients receiving stroke reha-
bilitation in Tai Po Hospital from October 1, 2009 to March
31, 2010.
Data collection
Only those patients who met the following inclusion criteria
were reviewed: no previous history of stroke; participation
in this stroke rehabilitation programme within 2 weeks of
their stroke; able to walk independently prior to having a
stroke [Functional Ambulation Category (FAC) level 4 or 5];
and Mini Mental State Examination (MMSE) score on
admission of no less than 8 out of 30. The cut-off MMSE
score was rather low, as recent evidence has shown that
stroke patients with severe cognitive impairment can make
significant functional gains while undergoing rehabilitation
[16].
All participants received multidisciplinary stroke reha-
bilitation in the local setting and the treatments delivered
by the physiotherapists were based on the Corporate Stroke
Rehabilitation Protocol of the Hong Kong Hospital Authority
[17]. The protocol was designed with reference to the In-
ternational Classification of Functioning, Disability and
Health Framework of the World Health Organization [18].
This protocol allowed some degree of freedom in the choice
of treatment components according to each therapist’s
habit, preference, clinical experience, and familiarity of
treatment technique. Different combinations of treatment
approaches were therefore used by different
physiotherapists.
The participants were divided into three distinct
treatment groups according to the combinations of
physiotherapy treatment approaches received during the
rehabilitation period. All physiotherapy interventions for
the three groups were carried out by three physiother-
apists with over 15 years of clinical experience in inpa-
tient rehabilitation. The chief researcher of this study
(with clinical experience of 15 years in inpatient reha-
bilitation) reviewed the treatment records of the par-
ticipants and interviewed their case physiotherapists
according to the descriptions of treatment approaches
stated in the Corporate Stroke Rehabilitation Protocol of
the Hospital Authority of Hong Kong [17], the Cochrane
review [14], and the Clinical Guidelines for Stroke
Rehabilitation and Recovery of the National Stroke
Foundation 2005 [19].
Outcome variables
Demographic data for the participants, including age, sex,
post-stroke duration, number of physiotherapy treatment
23sessions received, length of hospital stay, and stroke
characteristics were collected for further analysis. Admis-
sion scores prior to stroke were collected for the MMSE and
FAC. Berg Balance Scale (BBS), the Modified Barthel Index
(MBI), and the Modified Rivermead Mobility Index (MRMI)
were retrieved from the medical records and physiotherapy
treatment records as functional outcomes for comparison.
All scores were administered by the same therapists for
each group of patients as part of the baseline and predis-
charge examination.
Mini Mental State Examination
The cognitive function of the participants was assessed
using the MMSE [20]. The MMSE is a widely used, reliable,
and validated instrument for screening of cognitive
impairment. The scores range from 0 to 30. A score <24
indicates cognitive impairment. The examination assesses
different aspects of cognitive function, including orienta-
tion, attention, learning, calculation, abstraction, infor-
mation, construction, and delayed recall.
Functional Ambulation Category
We classified the participants’ walking ability using the FAC
[21]. The FAC has excellent testeretest and inter-rater
reliability, with kappa values of 0.950 and 0.905, respec-
tively [21]. The FAC also has good predictive validity, with a
sensitivity of 100% and a specificity of 78% in predicting
ambulation in the community with a cut-off score of 4 or
higher [21]. This scale assesses the amount of human
assistance needed for ambulation rather than the use of
devices. The FAC scale ranges from 0 to 5. FAC level 0 (non-
functional ambulator) indicates an inability to walk at all,
or requiring the assistance of two therapists. FAC level 1
(ambulator, dependent on physical assistance; level II) in-
dicates a patient who requires continuous manual contact
to support their body weight and to maintain balance or
assist with coordination. FAC level 2 (ambulator, dependent
on physical assistance; level I) indicates a patient who re-
quires an intermittent or continuous light touch to assist
balance or coordination. FAC level 3 (ambulator, dependent
on supervision) indicates a patient who can ambulate on a
level surface without the manual contact of another per-
son, but requires standby guarding of one person either for
safety or for verbal cueing. FAC level 4 (ambulator, inde-
pendent, level surface only) indicates a patient who can
ambulate independently on a level surface, but requires
supervision to negotiate non-level surfaces, e.g., stairs and
inclines. Finally, FAC level 5 (ambulator, independent) in-
dicates a patient who can walk everywhere independently,
including stairs.
Berg Balance Scale
The BBS was used in this study to assess participants’ ability
to maintain stability. The BBS has been shown to have
excellent inter-rater (internal consistency coefficient 0.98)
and intra-rater (internal consistency coefficient 0.98) reli-
ability and is internally consistent (0.96) for patients with
acute stroke [22]. The BBS has been shown to have a 53%
sensitivity in predicting falls in elderly people [23] and was
able to detect changes in balance of patients with acute
stroke [24]. The BBS is composed of 14 tasks. The scoring of
each task is from 0 to 4. A score of 0 is given if theparticipant is unable to do the task, whereas a score of 4 is
given if the participant is able to complete the task in
accordance with the task criterion. The total BBS score is 56
[22,25e27]. A value of 45 points is used to calculate the
relative risk estimates which showed predictive validity
[22]. Therefore a score of 45 has been shown to be an
appropriate cut-off between safe, independent ambulation
and the need for assistive devices or supervision [27].
Modified Barthel Index
The activities of daily living of participants were assessed
by the MBI. The MBI measures the participant’s perfor-
mance on 10 functional items including self-care, conti-
nence, and locomotion [28]. The values assigned to each
item are based on the amount of physical assistance
required to perform the task and are added to give a total
score ranging from 0 to 100 (0 Z fully dependent,
100 Z fully independent), with higher scores indicating
higher levels of physical function. There are no subtotal
scores because there are no subscales [28]. The internal
consistency reliability coefficient for MBI is 0.90 [28].
Modified Rivermead Mobility Index
The MRMI was used to assess the participants’ mobility. The
MRMI is highly reliable between raters (internal consistency
coefficient 0.98) and has high internal consistency (Cron-
bach a Z 0.93) when administered in early-stage stroke
patients. The MRMI consists of eight test items, including
turning over, changing from lying to sitting, maintaining
sitting balance, going from sitting to standing, standing,
transferring, walking indoors, and climbing stairs. The total
score MRMI ranges from 0 to 40. The main characteristic of
the MRMI is that participants are scored by direct obser-
vation of their performance on the items [29].
Statistical analysis
Data analysis was carried out using SPSS version 17.0 (IBM,
Chicago, IL, USA). Descriptive statistics were used to
analyse the demographic data. Age, admission scores for
the MMSE, BBS, MBI, and MRMI, length of hospital stay, and
the number of physiotherapy treatment sessions attended
among the three groups were compared by the one-way
analysis of variance (ANOVA) test. The FAC of the three
groups was compared using the Kruskall-Wallis test. The
between-group differences in percent change score of the
clinical outcomes among the three groups were investi-
gated using the one-way ANOVA test with the significance
level set at p < 0.05. The within-group changes in clinical
outcomes were investigated using paired samples t tests
with an adjusted significance value of 0.017 for each t
test.
Results
Participants
A total of 153 patients were admitted to the stroke
rehabilitation ward for women of Tai Po Hospital (Hong
Kong, China) from October 1, 2009 to March 31, 2010.
Their medical and physiotherapy records were retrieved
153 people with stroke admitted to the hospital 
stroke ward for women and screened for the study 
Premorbid FAC 4–5 
(n = 102) 
Premorbid FAC 0–3 
(n = 51) 
Analysed (n = 45) 
Admission MMSE score 
<8 
(n = 57) 
Admission MMSE score 
>7 
(n = 45) 
Figure 1 Study flow chart. FAC Z Functional Ambulation
Category; MMSE Z Mini Mental State Examination.
Table 2 Combination of approach and competency of
physiotherapist
Group A
(n Z 14)
Group B
(n Z 12)
Group C
(n Z 19)
Functional 50 20 20
Bobath 0 30 0
Motor relearning 20 20 60
Orthopaedic 30 20 20
PNF 0 10 0
Data are presented as %.
PNF Z proprioceptive neuromuscular facilitation.
Table 3 Clinical experience and special training of case
physiotherapists in the three groups
Competency of
physiotherapist
Group A Group B Group C
Length of work
experience (y)
16 20 16
Stroke rehabilitation
experience (y)
4 15 5
Orthopaedic
rehabilitation
experience (y)
10 2 2
Specialist
competency
ACSM
clinical
exercise
specialist
Basic
Bobath
course
None
ACSM Z American College of Sports Medicine.
24 B.P.H. Chungfrom the database of the physiotherapy department and
the clinical management system of the Hospital Authority
of Hong Kong. Forty-five records met the inclusion criteria
and were included in this study (Fig. 1). Table 1 gives the
demographic characteristics for these participants. The
mean (SD) age of the participants was 75.2 (10.1) years
(range 46e91 years). Their cognitive function was fair,
with a mean (SD) MMSE score on admission of 17.6. Their
average level of self-care independence was partially
dependent, with a mean (SD) admission MBI score of 47.0
(19.4) (range 3e94). The mean (SD) admission BBS was
15.7 (13.4) (range 4e36) and the mean (SD) baseline MRMI
was 20.6 (7.5) (range 2e47). The mean (SD) length of
hospital stay was 22.0 (9.4) days (range 6e45 days) and
the mean (SD) number of physiotherapy sessions was 14.2
(6.7) (range 0e31). No significant difference was found inTable 1 Baseline demographics of the participants
All participants
(n Z 45)
Age (y) 75.2  10.1
Premorbidity FAC 4.8  0.4
Initial MBI 47.0  19.4
Initial MRMI 20.6  7.5
Initial BBS 15.7  13.4
Initial MMSE 17.6  6.2
Length of hospital stay (d) 22.0  9.4
Physiotherapy treatment sessions, n 14.2  6.7
Data are presented as mean  SD.
BBS Z Berg Balance Scale; FAC ZFunctional Ambulation Category; M
nation; MRMI Z Modified Rivermead Mobility Index.
a One-way analysis of variance.
b Kruskall Wallis test.these demographic characteristics among the three groups
(p > 0.05). It could therefore be concluded that the par-
ticipants were homogeneous in terms of baseline cognitive
function, premorbid mobility level, baseline self-care
function, baseline balance, baseline mobility, and num-
ber of physiotherapy treatment sessions received
(Table 1).Group A
(n Z 14)
Group B
(n Z 12)
Group C
(n Z 19)
p
78.6  5.9 73.8  8.8 73.7  12.9 0.528a
4.9  0.4 4.8  0.5 4.7  0.5 0.243b
49.4  15.9 44.5  19.6 46.9  22.2 0.454a
20.5  8.0 21.4  8.0 20.2  7.3 0.104a
15.3  10.1 18.3  17.5 14.4  13.2 0.168a
16.9  5.3 16.1  6.2 19.0  6.8 0.617a
24.5  10.8 19.3  9.4 22.0  8.1 0.243a
15.7  7.8 12.7  6.6 14.0  5.9 0.534a
BI Z Modified Barthel Index; MMSE Z Mini Mental State Exami-
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25Combination of physiotherapy treatment
approaches and competency of physiotherapists
After interviewing the case physiotherapists, it was found
that they had all provided their physiotherapy treatments
to the participants based on the treatment approaches
stated in the Corporate Stroke Rehabilitation Protocol of
the Hospital Authority of Hong Kong [17], the Cochrane
review [14], and the Clinical Guidelines for Stroke Reha-
bilitation and Recovery of the National Stroke Foundation
2005 [2]. Five treatment approaches were used by the
physiotherapists in this study: the functional approach, the
Bobath approach, the motor relearning approach, the or-
thopaedic approach, and PNF.
The proportion of different treatment approaches used
for the three groups were analysed by a physiotherapist by
reviewing the treatment records and interviewing the case
physiotherapists. The results (Table 2) showed that the
physiotherapy treatment used in Group A was a combina-
tion of the functional (50%), motor learning (20%), and or-
thopaedic approaches (30%). No Bobath approach nor PNF
was applied in Group A. The treatment applied in Group B
consisted of the functional (20%), Bobath (30%), motor
relearning (20%), and orthopaedic (20%) approaches, and
PNF (10%). Finally, the treatment approaches used in Group
C were the functional (20%), motor relearning (60%), and
orthopaedic (20%) approaches only.
The clinical experience of the three physiotherapists
ranged from 16 years to 20 years. The Group A case phys-
iotherapist had 10 years of clinical experience in ortho-
paedic rehabilitation and 3 years of clinical experience in
stroke rehabilitation. He was an American College of Sports
Medicine (ACSM) Clinical Exercise Specialist. The Group B
case physiotherapist had a total of 15 years of clinical
experience in stroke rehabilitation and had attended a
basic Bobath course. The Group C case physiotherapist had
5 years of clinical experience in stroke rehabilitation (Table
3).
Outcome measures
There was no statistically significant difference (p > 0.05)
in a comparison of the percentage change score in each of
the functional outcome scores (MBI, MRMI, and BBS) among
the three groups. In a comparison of within-group differ-
ences, the t tests showed that Group A, Group B, and Group
C participants had a statistically significant improvement in
MBI score (p < 0.017); the mean improvement was 27.9%,
16.7%, and 25.9%, respectively. Group A and Group C had a
statistically significant improvement in MRMI score
(p < 0.017) at 27.5% and 30.3%, respectively. Among the
three groups, only Group C had a statistically significant
improvement in BBS score (p < 0.017; mean improvement
53.3%; Table 4).
Discussion
This study showed that different combinations of treatment
approaches may induce similar degrees of functional
improvement in inpatients after stroke. In this study, the
three physiotherapists worked on the same stroke
26 B.P.H. Chungrehabilitation ward and had comparable work experience,
but they used different combinations of treatment ap-
proaches to treat their stroke patients. As different ap-
proaches can use similar interventions, it was difficult for
the chief researcher to determine the combination of
treatment approaches solely by reviewing the treatment
records. Therefore the chief researcher had to interview
the case physiotherapists and ask them to quantify the
proportion of time spent using the different treatment
approaches for each patient.
This study suggested that the combination of treatment
approaches was affected by the clinical experience and
specific skill competencies of the physiotherapists. For
example, the Group B physiotherapist had 15 years of
clinical experience in stroke rehabilitation and had a
specialist competency of a basic Bobath course. This ex-
plains why his treatments were mainly dominated by the
Bobath approach. By contrast, the Group A and Group C
physiotherapists had no specialist training in the Bobath
approach and therefore did not deliver treatment strate-
gies to their patients using this approach. The Group A
physiotherapist mainly used the orthopaedic approach and
the functional approach, possibly because he had specific
training in orthopaedics and many years of clinical experi-
ence of orthopaedic rehabilitation. The participants in
Group A and Group C received physiotherapy treatments
based on the same treatment approaches (i.e., the func-
tional approach, motor relearning approach, and ortho-
paedic approach), but in different proportions. The main
treatment approach delivered to Group A was the func-
tional approach (50%), whereas the primary treatment
delivered to Group C was the motor relearning approach
(60%). This indicated that Group A received more mobili-
zation exercises, such as static bike and strengthening ex-
ercises using a cuff weight, than those in Group C. Group C
received more training on context-specific motor tasks,
such as forward reaching with feedback from the therapist
or a mirror.
Only Group C showed a statistically significant
improvement in all three functional outcome scores. How-
ever, between-group analysis showed no statistically sig-
nificant differences in the change score of any of the three
outcomes. After reviewing published work on stroke reha-
bilitation, it was found that there was a lack of studies
investigating the relative effectiveness of different com-
binations of treatment approaches on functional outcomes
among patients with stroke. The majority of the studies
focused on comparing individual treatment approaches
(e.g., comparing the Bobath approach with the orthopaedic
approach, or comparing conventional treatment with PNF
and the Bobath approach) [2,9]. However, most therapists
applied more than one treatment approach during the
rehabilitation process for each individual patient. This
study may shed light on the influence of different pro-
portions and combination of treatment approaches used in
therapy sessions on rehabilitation outcomes. This study
took advantage of the fact that different therapists have
different preferences in the choice of treatment ap-
proaches in the same stroke rehabilitation ward in our
setting. By interviewing the therapists and reviewing their
treatment records, we had a clear picture of the selection
and combination of treatment approaches used.There were some limitations to this study. Firstly, as this
was a retrospective comparative study and the treatments
might change day-by-day according the clinical decisions of
the therapists, the treatment strategies applied to partic-
ipants could not be well controlled in a systematic way.
Secondly, this study only recruited women, which might
lead to selection bias. However, the fact that the partici-
pants were from the same ward ensures their homogeneity
in terms of the care environment, gymnasium setting, and
daily routine. Other limitations of the study were the small
sample size, and the lack of a control group. Randomized
controlled trials with larger sample sizes are required to
investigate the effects of different combinations of phys-
iotherapy treatment approaches for stroke patients.
In conclusion, our results showed that different combi-
nations of physiotherapy treatment approaches may induce
similar improvement in functional outcomes among in-
patients after stroke. Randomized controlled trials with
larger sample sizes are required to further investigate this
issue.Conflicts of interest
The author declares no conflicts of interest.References
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